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An i n f o r m a l  w o r k s h o p  o n  t h e  t h k m e s  of h y p o t h e t i c a l i t y ,  
r e s i l i c n c c ,  2nd u ~ ) t . i o r l  fo rec1osu1 :e  w a s  h e l d  i n  L a x c n b u r q  
' I 'k i i s  W o r k i n g  P a p e r  i s  n~eallt t o  serve as an i n f o r m a l  
record of t h e  w o r k s h o p .  I t  i n c l u d e s  t h e  f o l l o w i l l y  m a t e r i a l :  
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t h e  w o r k s h o p )  
PAHT I V :  A b i b l i o g r a p h y  of r e l e v a n t  d o c u m e n t s .  
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PART I 
M E M O R A N D U M  
To: A f i f i ,  Gykov, C la rk ,  Dennis, F o e l l  Uate.27 June  1375 
1 I i  l l ~ o r i l ,  linop , I la j one , !&bar , R a  i f  f  a , 
Scl~nici t ,  SVbraI1i 
From: Ilaef ele ,  f l o l l i ng ,  Wal tcrs  
Subject: I IASA wor1:sllop on l l y :~o the t i ca l i t y  , r c s i l  i ence  , dild 
op t ion  f o r e c l o s u r e  
Gentlemen : 
W e  would l i k e  t o  r e q u e s t  your a c t i v e  p a r t i c i ~ ) a t i . u l l  i n  a s h o r t  I I A S A  
workshop t o  o:plore  corwi[Lon thernes and i i n2 l i ca t ions  r e l a t i n g  t o  t h e  
concepts  of I i y p o t k ~ c t i c a l i t y  , r e s i l i e i ~ c e  , and optioir  f o r e c l o s u r e .  
'1'11e wrks i iop  w i l l  be he ld  on Monday, 7 J u l y ,  from 9:00 an - 12:30, 
i n  H i s t o r i c a l  Roolil C ,  and w i l l  conclude with  a 1unc:leon t o  ~ h i c ; ~  
a l l  p a r t i c i p a n t s  a r e  i n v i t e d .  
The workshop g o a l s  and agenda a r e  o u t l i n e d  below. very  much 
hope you w i l l  be a b l e  t o  a t t e n d .  
Three reliitcc! cor~cep- t s  r e l e Ja r i t  t o  systems i i )zs ign  L:il;i ,2valuat iou 
have eiitergeil f r o ~ i ~  a p p l i e d  s t u d i e s  c o n d ~ c t c d  at liA:-;I::. ovcr  the l a s t  
two yedrs .  
J !y~~ot t lc  LicaliC-y was i n i t i a l l y  posed a s  an e ~ l g i n e e r i ~ i c j  luestion : 
how 30 w e  b e s t  proceed wi th  t h e  developaent  of new t echno loq ie s  
o r  programs where t r a d i t i o n a l  t r i a l - a n d - e r r o r  approaches t o - d e s i g n  
and e v a l u a t i o n  a r e  n o t  p o s s i b l e .  
The concept of r e s i l i e n c e ,  on t h e  o t h e r  hand, evolved from 
cons ide ra t ions  of ecosystem behavior:  p e r s i s t e n t  n a t a r a l  systslns 
were found t c ,  e x h i b i t  a  v a r i e t y  of mechsnisns a l l o w i a j  than t o  
a b s o r i ~  stress, adclpt t o  changes i n  t h e i r  enviran:~tl!-its, dnd gener-  
a l l y  su rv ive  i n  t h e  f a c e  of t h e  unexpected.  F i n a l l y ,  t h e  i dea  of 
p o l i c y  op t ion  f o r e c l o s u r e  emerged froin s t u d i e s  of resource  de- 
veloprnent programs: it was observed t h a t  e x i s t i n g  approaches t o  
planning and deve lopne i~ t  s y s t e m a t i c a l l y  and p r e d i c t a b l y  l ock  
s o c i e t y  i n t o  i n f l e x i b l e  and nonadaptive s i t u a t i o n s  t o  which t h e  
on ly  response i s  t o o  o f t e n  t h e  p r e s e r v a t i o n  of an undesi red 
s t a t u s  quo. 
With t h e i r  ve ry  d i f f e r e n t  h i s t o r i e s  and approaches ,  each of t h e  
t h r e e  "core"  concepts  f o r  t h i s  workshop has  i t s  own unique s t r e n g t h ,  
weakness, and p o t e n t i a l  f o r  a p p l i c a t i o n .  But i n  ou r  own d i s c u s s i o n s  
over t h e  l a s t  year  we have been more and more s t r u c k  by t h e i r  r e -  
markable and fundamental s i m i l a r i t i e s .  
Zachconcept ,  f o r  i n s t a n c e ,  is c e n t r a l l y  concerned wi th  unders tanding 
t h e  n a t u r e  and i m p l i c a t i o n s  of t h e  unknown ( a s  d i s t i n c t  from t h e  
merely u n c e r t a i n )  i n  v a r i o u s  a s p e c t s  of a p p l i e d  systems a n a l y s i s .  
Each breaks  w i th  t r i a l - a n d - e r r o r  a s  a  s u f f i c i e n t  paradigm f o r  prog- 
r a n  development. Each seeks  t o  provide p r a c t i c a l  t o o l s  and 
g u i d e l i n e s  f o r  t h e  manager o r  eng ineer  seek ing  t o  formula te  b e t t e r  
and more a d a p t i v e  system des igns .  
Our own r e s e a r c h  on t h e s e  idea's w i l l  con t inue  through t h e  sunn~er 
and i n t o  t h e  coming year  i n  a  l o o s e l y  coord ina ted  way. But we 
wish t o  t a k e  t h e  oppor tun i ty  wh i l e  t o g e t h e r  h e r e  a t  I I A S A ,  t o  ex- 
p l o r e  t h e  concepts  j o i n t l y  .' And, a s  i n p o r t a n t ,  t o  t a k e  advantage 
of t h e  p a r t i c u l a r  blerid of backgrounds and exper ience  a v a i l a b l e  
he re  t o  o b t a i n  a  c r i t i c a l  and wide ranging  review of t h e  i d e a s  a s  
they  now s t a n d ,  and t o  g e n e r a t e  sugges t ions  a s  t o  where we should 
be headed w i t h  them n e x t .  This  l a t t e r  g o a l  i s  t h e  purpose of t h e  
p r e s e n t  workshop. 
The workshop i s  being  kep t  smal l  i n  o r d e r  t h a t  it may t r u l y  f u n c t i o n  
a s  a d i s c u s s i o n  group.  Each of you has  been i n v i t e d  because of 
r e l e v a n t  i n t e r e s t ,  c r i t i c i s m ,  commentary you have expressed t o  one 
o r  more of u s  i n  t h e  p a s t .  W e  w i l l ,  be ask ing  each of you, i f  you 
chose t o  p a r t i c i p a t e ,  t o  c a r e f u l l y  read  t h e  a t t a c h e d  set of c o r e  
documents and t o  be prepared t o  o f f e r  s u b s t a n t i v e  c r i t i c i s m  and 
commentary on them dur ing  t h e  workshop. I n  a d d i t i o n ,  we w i l l  
approach severa-1 of you ask ing  f o r  t h e  p r e p a r a t i o n  of some w r i t t e n  
remarks f o r  c i r c u l a t i o n  among t h e  working p a r t i c i p a n t s .  
On t h e  morning of t h e  workshop, each of u s  w i l l  p r e s e n t  a  b r i e f  
review of t h o s e  a s p e c t s  of t h e  c o r e  concepts  most c e n t r a l  t o  our  
own work, and then  s e r v e  t h e  rest o f ' t h e  morning a s  a  pane l  r e -  
sponding t o  your q u e s t i o n s  and comments from t h e  f l o o r .  (Un- 
a t t r i b u t e d  r a p p o r t e u r ' s  n o t e s  w i l l  be kep t  f o r  post-workshop 
d i s t r i b u t i o n  t o  p a r t i c i p a n t s . )  
We hope t h e  d i s c u s s i o n  w i l l  f o c u s  on developing t h e  comaon ground 
of t h e  c o r e  concepts ,  r a t h e r  t han  h i g h l i g h t i n g  t h e i r  d i f f e r e n c e s .  
I n  p a r t i c u l a r ,  w e  wish t o  i n v e s t i g a t e  t h e i r  approaches towards 
t h e  "unknown" ( c f .  "Notes on c e r t a i n t y ,  u n c e r t a i n t y ,  and t h e  
unknown," enc losed)  and t h e i r  p o t e n t i a l  r e l evance  t o  t h e  t r i a l -  
and-error  mode of program development. We w i l l  be p a r t i c u l a r l y  
i n t e r e s t e d  i n  comments, r ega rd ing  t h e  a p p l i c a b i l i t q n - -  o r  
i m p r a c t i c a l i t y  -- of v a r i e n t s  of  t h e  c o r e  i d e a s  t o  app l i ed  p rob leas  
of system des ign  and management. 
( A s e p a r a t e  workshop f o r  t h e  d i s c u s s i o n  of methodological  a s p e c t s  of  
r e s i l i e n c e  and o p t i o n  f o r e c l o s u r e  q u a n t i f i c a t i o n w i l l  be he ld  on t h e  
morning of 11 J u l y  from 9:00 am - 12:30 i n  H i s t o r i c a l  Room C .  Any 
p a r t i c i p a n t  i n  t h e  p r e s e n t  workshop who i s  i n t e r e s t e d  i n  add res s ing  
t h e s e  methodological  i s s u e s  should c o n t a c t  D r .  B e l l  (X249) f o r  d e t a i l s . )  
I f  you have any q u e s t i o n s  r ega rd ing  t h e  worksl~op o r  a t t a c h e d  
papers ,  p l e a s e  s e e  one of u s  o r  B i l l  Clark  (Ext.  2 0 0 ) .  Also ,  
p l e a s e  l e t  ; l a r i a  Helm (Ext.  223) know whether you p lan  t o  a t t e n d  
t h e  workshop and t h e  fo l lowing  luncheon. 
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PART I1 
RAPPORTEUR'S NOTES FOR WORKSHOP ON HYPOTHETICALITY, 
RESILIENCE, AND OPTION FORECLOSURE - Harry Swain 
15 July, 1975. 
In attendance: 
AEifi 
David Bell 
Sandy .Buckingham 
Bill Clark 
Robin Dennis 
Raul Espejo 
Wes Foe11 
Michel Grenon 
Wolf Hafele 
Buzz Holling 
Nino Majone 
IIoward Raif fa 
Jurgen Schmidt 
Harry Swain 
Carl Walters 
Cla.rk opened the meeting by saying that the 
common ground shared by the concepts of hypotheticality, 
resilience and option foreclosure is an active design 
approach, b u t  one which does no t  involve  t h e  t r i a l  and 
e r r o r  of c l a s s i c a l  eng ineer ing .  Second gene ra t ion  des igne r s  
progrcsscd beyund s h e e r  redundancy and over-design i n t o  an 
approach t h a t  embedded u n c e r t a i n t y  i n t o  t h e  des ign  pro- 
c e s s .  Clark d i g r e s s e d  momentarily t o  r e c a l l  F i e r i n g ' s  
78 )* and Raif f a '  s (15) d e f i n i t i o n s  of t ypes  of u n c e r t a i n t y ,  
and p re s sed  on wi th  t h e  " t h i r d  gene ra t ion"  ques t ion :  
how does one d e a l  w i t 1 1  t h e  wholly unimagina4le,  o r  a t  
l e a s t  unirnacjined? These k inds  of e v e n t s ,  l a b e l l e d  "sur -  
p r i s e s , "  had an o p e r a t i o n a l  d e f i n i t i o n  comparable t o  
r e s i d u a l  e r r o r .  Cons idera t ion  of t h e s e  i s s u e s  had l e d  i n  
two d i r e c t i o n s ,  according t o  Clark:  a  behavioura l  d i r e c -  
t i o n ,  which he i d e n t i f i e d  wi th  t h e  l a t e r  work of  Ho l l i ng ,  
and a s t r u c t u r a l  d i r e c t i o n ,  which he d i sce rned  i n  t h e  
o p t i o n s  f o r e c l o s u r e  paper by Walters  ( 5 ) .  P a r t s . o f  
C l a r k ' s  i n t r o d u c t o r y  overvikw was summarized i n  a l a s t -  
minute paper (7  ) . 
I IYfelc ls  prepared p r e s e n t a t i o n  followed C l a r k ' s  -
g e n e r a l  i n t r o d u c t i o n .  He Legan by reviewing r e c e n t  en- 
g inee r ing  h i s t o r y .  The f i r s t  epoch, which ended l a t e  i n  
t h e  1 9 5 0 ' ~ ~  was i d e n t i f i e d  by i t s  "des ign  w i t h i n  l i m i t s "  
approach: t h e  p r e - i d e n t i f i e d  "design-base acc iden t "  was 
engineered o u t  of cons ide ra t ion  by seve re ly  conse rva t ive  
c o n s t r u c t i o n  o r  des ign  s t anda rds .  A second approach came 
t o  t h e  f o r e  e a r l y  i n  t h e  1960 's  a s  s e r i o u s  ( i - e .  ,non- 
f r i v o 1 o u s ) ' w o r k e r s  i n  nuc l ea r  energy began t o  be worr ied 
about e v e n t s  wi thout  i n h e r e n t  limits: a worse acc iden t  
* C i t a t i o n s  a r e  keyed, t o  numbers i n  t h e  Bibl iography ( P a r t  IV). 
t h a n  t h e  des ign-base  a c c i d e n t  cou ld  always b e  p l a u s i b l y  
i rr~agined.  Thus t h e r e  was always a  c a t e y o r y  o f  r e s i d u a l  
r i s k ,  and t h e  way t o  d e a l  w i t h  it  was t o  "embed" it 
th rough  a comparison w i t h  r a r e  b u t  n a t u r a l  c a t a s t r o p h i c  
e v e n t s .  S i n c e  t h e s e  r e s i d u a l  r i s k s  cou ld  always be  en- 
g i n e e r e d  t o  be  a p p r e c i a b l y  sn i a l l e r  t h a n  t h e  r i s k s  asso-  
c i a t e d  w i t h  n a t u r a l  haza rd s  a g a i n s t  which s o c i e t i e s  and 
iridividui.il s t a k e  no s p e c i a l  p r e c a u t i o n s ,  e rhedd iny  cou ld  
be s a i d  t o  r e p r e s e n t  a  v a l i d  p s y c h o l o g i c a l  coming- to- ten~ls  
w i t h  r i s k .  Thus t h e  p e r c e p t i o n  o f  r i s k  becomes c e n t r a l  
t o  t h e  i s s u e ,  and t e chn iques  f o r  decision-making under 
c o n d i t i o n s  o f  g r e a t  unc ,e r t a in ty  come t o  t h e  f o r e f r o n t .  
The b a s i c  approach t o  d e a l i n y  w i t h  h y p o t h e t i c a l i t y ,  t h e n ,  
must h e  t h e  s e t t i n g  of  s t a n d a r d s  t h a t  d e a l  s q u a r e l y  w i t h  
t h e  q u e s t i o n ,  "how s a f e  i s  s a f e  enough?" 
~ Y f e l e  went on t o  s p e c u l a t e  t h a t  t h e r e  might  b e  
a t h i r d  domain, beyond t h i s  b u t  s t i l l  s h o r t  o f  t h e  extreme 
? 
c a s e  of  u t t e r  i g n o r ance ,  where one i s  d e s i g n i n g  f o r  e v e n t s  
- 
i n h e r e n t l y  beyond a n t i c i p a t o r y  s p e c i f i c a t i o n .  The approach 
t h e n  becomes, "can one i m p l i c i t l y  a n t i c i p a t e  non-probabi- 
l i s t i c  ev en t s ? "  Two appraoches  sugges t ed  themselves :  ( a )  
d o n ' t  p u t  a l l  you eggs  i n  one b a s k e t  -- which gave rise t Q  
a  comn~ent from t h e  f l o o r  abou t  t h e  v a l u e  of  o r g a n i z a t i o n a l  
s l a c k ;  and ( b ) ,  use  p o l i c y  a n a l y s i s  t o  d i s c r i m i n a t e  more 
from less r e s i l i e n t  approaches .  I n  t h i s  l a t t e r  c a s e ,  i f  
one  h a s  an  e x p l i c i t  measure of  r e s i l i e n c e  -- and one was 
mentioned (10) -- t h e n  it would c o n c e i v a b l y  b e  p o s s i b l e  t o  
o p t i m i z e  f o r  11, o r  a t  l e a s t  t o  compare a l t e r n a t i v e  s t r a -  
t e g i e s  i n  tcrlns of t h e i r  i r l h e r e n t  I?-values. B e l l ,  Winkler  
and Grflmnl had been working on j u s t  such  p r o c e d u r e s .  , 
The f l o o r  p a s s e d  t o  H o l l i n g ,  who began by spe-  
c i f y i r i y  what he hoped t o  g e t  o u t  o f  t h i s  seminar  and h i s  
b r i e f  s t a y  a t  IIASA t h i s  t r i p .  A s  a modest minimuin, h e  
wanted u ~ i d e r s  t a n d i n g ,  i n  d i c t i o n a r y  form, of  what each  o f  
t h e  v a r i o u s  s c t o r s  meant when t h e y  used  terms l i k e  hypo- 
t h e t i c a l i t y ,  o p t i o n  f o r e c l o s u r e ,  r e s i l i e n c e ,  r i s k ,  uncer-  
t a i n t y ,  and p r o b a b i l i t y  b o t h  o b j e c t i v e  and sub.  H e  a l s o  
hoped t o  deepen h i s  u n d e r s t a n d i n g  o f  t h e  p o t e n t i a l  r o l e s  
o f  v a r i o u s  m e t h o d o l o g i c a l  t o o l s ,  e s p e c i a l l y  c a t a s t r o p h e  
I 
t h e o r y ,  c o n t r o l  t h e o r y ,  and s t a b i l i t y . t h e o r y .  H i s  r c a s o n  
f o r  s o  do ing ,  i n  f a c t  t h e  fundamental  g o a l  toward which 
a l l  h i s  work w a s  o r i e n t e d ,  was t o  d e s i g n  " a  wor ld  w i t h o u t  
h y p o t h e t i c a l i t y : "  n o t  t o  d e s i g n  y e t  more coping s t r a t e g i e s  
t h a t  d u q  us  a11 i n  d e e p e r ,  b u t  t o  p r e s c r i b e  approaches  
which would make t h e  c o n s i d e r a t i o n  o f  h y p o t h e t i c a l i t y  
i r r e l e v c n t  a l t o g e t h e r .  I n  t h i s  s e n s e ,  he  saw t h e  work o f  
many e n g i n e e r s ,  even (and p e r h a p s  e s p e c i a l l y )  t h e  most 
v i s i o n a r y ,  a s  a n t i t h e t i c a l  t o  h i s  own g o a l s .  
H o l l i n y  t h e n  reviewed t h e  "benchmark p a p e r s  of 
- 
1975" i n  t h i s  a r e a  ( s e e  P a r t  I V )  , which e l i c i t e d  com- 
p l a i n t s  o f  f u g i t i v e n e s s  even by I IASA's  l a x  s t a n d a r d s .  
Reviewing t h i s  l i t e r a t u r e  a g a i n s t  t h e  back&round o f  HYfe le ' s  
t h r e e  l e v e l s  of  d e a l i n g  w i t h  u n c e r t a i n t y ,  he s a i d  t h a t  
t h e  f i r s t  l e v e l  impl ied  p e r f e c t  knowledge, p e r f e c t  adap- 
t i v e  c o i ~ t r o l  i n  o r d e r  t o  l i v e  i n  c e n t r a l  o r  per i -op t imal  
l o c a t i o n s  i n  phase  space ,  and,  i n  c a t a s t r o p l ~ e  t heo ry  
t e r m s ,  l i v i n g  r i g h t  on t h e  p o i n t  of  a  sha l low cusp.  Th i s  
management s t y l e ,  which he  l a b e l l e d  "eng inee r ing  f o r  s a f e t y , "  
was n i c e  i n  t heo ry  b u t  pa lpab ly  u n r e a l .  H a f e l e ' s  second 
l e v e l  could  G e  i n t e r p r e t e d  i n  t h e  same t e r m s ,  though n o t  
q u i t e  t h e  way B e e r  and C a s t i  ( 6 )  had done. T h e  same huge 
burden of  knowledge -- t h e r e  i s  a  s t a b i l i t y  domain, i t ' s  
p r e c i s e l y  mapped, t h e  p roces se s  a r e  indeed  d e t e r m i n i s t i c a l l y  
c o n t r o l l a b l e  -- and t h e  same u n r e a l i s t i c  p e r f e c t i o n  of 
a d a p t i v e  c o n t r o l  had t o  e x i s t .  What B e e r  and C a s t i  missed,  
through a mistaken i n c l u s i o n  of t i m e  a s  a  model paramete r ,  
w a s  t h a t  eng inee r ing  t o  braoden t h e  s t a b i l i t y  domain c a r -  
r l e d  wi th  it t h e  i ne scapab le  consequence o f  deepenin,g t h e  
c a t a s t r o p h e  manifold  -- i n  o t h e r  words, accord ing  t o  Ho l l i nq ,  
of  moving t h e  sys tem i n t o  a domain o f  a s m a l l e r  p r o b a b i l i t y  
o f  a  much l a r g e r  d i s a s t e r .  Thus t h e  Beer-Cast i  p r e s c r i p t i o n  
favoured,  u n w i t t i n g l y ,  a  move away from r e s i l i e n c e  and 
toward h y p o t h e t i c a l i t y !  
Ho l l i ng  f e l t  more comfor tab le  on t h e  t h i r d  l e v e l .  
There;  t h e  knowledge requirements  were cons ide rab ly  re laxed :  
, 
t h e  e x i s t e n c e  of  e q u i l i b r i a  could  be  assumed b u t  t h e i r  
behaviour  need o n l y  be  t o p o l o g i c a l l y  known. The l o c u s  o f  
t h e  system can be  allowed. t o  wander a l l  over  t h e  domain, 
b u t  one t r ies  t o  de s ign  i n  enough s p a t i a l  f r i c t i o n  i n  t h e  
phase space s o  t h a t  edyes  a r e  approached s u f f i c i e n t l y  
s lvwly  f u r  wdrnincjs t o  have e f f e c t .  The systelil i s  lnade 
r e s i l i e n t  by be ing  fo r ced  t o  mimic u n p l e a s a n t  s u r p r i s e s :  
h e r e  Moll ing used t h e  analogy of  b o a t  d r i l l  on a  c r u i s e  
s h i p .  L a s t l y ,  t h e r e  was a  f o u r t k  l e v e l ,  t h a t  o f  t k e  un- 
known and t o t a l l y  unknowable, which was where Wa l t e r s '  
noti,oll c ~ f  Lippy-toeiny a lony s e p a r a t r i c e s  canlc i n .  
A f t e r  c o f f e e ,  c la iminy  t h a t  as a  geographer  he  
needed a map, Swain i n t e r v e n e d  t o  show t h e  fo l l owing  d i a -  
gram. I f  a c t i o n s  o r  s t r a t e g i e s  w e r e  a r r a y e d  i n  a  p l a n e  
whose axes  w e r e  t h e  c o s t  o f  p o l i c y  f a i l u r e  and i t s  proba- 
b i l i t y ,  t h e n  low v a l u e s  .on bo th  would r e p r e s e n t  a  k ind  o f  
heaven -- b u t  s o  s a f e  and r i s k - a v e r s e  a  heaven a s  t o  be  
w i thou t  t h o s e  l i t t l e  s u r p r i s e s  t h a t  Ho l l i ny  s a y s  ( shades  
of  Toynk~ee's  Golden Mean) a r e  neces sa ry  f o r  an i n t e r e s t i n g  
\ 
' \ l i f e .  I t  would b e ,  i n  o t h e r  words, t h e  s o r t  o f  heaven i n -  
vented by a n  unimagina t ive  B a p t i s t .  The d i agona l  o p p o s i t e ,  
of cou r se ,  i s  Armageddon. Real! c h o i c e s  l i e  i n  a broad band 
i n  t h e  middle ,  where t h e  c o s t s  and p r o b a b i l i t i e s  can be  
t r a d e d  o f f  a g a i n s t  each o t h e r ,  a t  l e a s t  t o  some e x t e n t ,  
b u t  h i s t o r y  i n  t h e  form of  i n c r e a s i n g  t echno ' log ica l  soph is -  
t i c a t i o n  i s  push ing  u s  (Time's Arrow on t h e  map) e v e r  ou t -  
ward. I n  f a c t ,  one  can t h i n k  of t e c h n o l o g i c a l l y  determined 
i s o l i n e s ,  o r  i n d i f f e r e n c e  cu rves  i n  a v e r y  g e n e r a l  sense .  
A t  one end of  t h o s e  i s o l i n e s ,  where t h e  p r o b a b i l i t y  of 
High t Probability of plicy failure J o r ~ c s  ' ungc  Zs d a n c i n g  o n  
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(Hd feZe  ':: - A )  
Cost of 
policy failure 
policy failure is hiyh but the cost low, is the region of 
resilient policies, exemplified in the extreme case by 
Jones' "angels dancing on the point of a cusp catastrophe;" 
at the other end is what Beer and Casti recomnended -- 
living deep in a cusp -- which means living with a low 
probability of truly disastrous failure.   his is the 
region of hypotheticality: fail-safe, in Clark's iinrnortal 
worgs , ratlicr than safe-fail. 
Wal t e r s  t h e n  r e p e a t e d  t h e  main c o n c l u s i o n s  of  
h i s  o p t i o n  f o r e c l o s u r e  paper.  . W e  shou ld  t r y  t o  t h i n k  
s y s t e m a t i c a l l y  abou t  t h e  d e c i s i o n  consequences of  d e c i s i o n s ,  
n o t  j u s t  t h e  sys tem consequences ,  he  s a i d ,  con fus ing  
R a i f f a  no end. Using e d u c a t i o n  a s  an  ana logy ,  w e  shou ld  
e v a l u a t e  p r e s e n t  d e c i s i o n s  i n  terms of t h e  s i z e  and a t -  
t r a c t i v e n e s s  of t h e  a r r a y  o f  new d e c i s i o n s  t h a t  a r e  t h e n  
opened i n  f u t u r e  t i m e  p e r i o d s .  C l a rk  and Swain b o t h  
n o t e d  t h e  analogy w i t h  m i l i t a r y  h i s t o r v  and t a c t i c s  and 
s u g g e s t e d ,  -- s u b  r o s a ,  t h a t  IIASA h i r e  a Genera l  o r  two a s  
c o n s u l t a n t s .  Mol l ing  broke i n  t o  s a y  t h a t  a l l  t h e s e  sug- 
g e s t i o n s  w e r e  r e t r o g r a d e  -- e s s e n t i a l l y  back i n  t h e  "en- 
g i n e e r i n g  f o r  s a f e t y "  paradigm. What abou t  ( h e  asked  
r h e t o r i c a l l y )  a l l  t h o s e  f o l k  who v a l u e ,  indeed  l i v e  o f f ,  
a series o f  m i n i - d i s a s t e r s ?  Fishermen, '  e n t r e p r e n e u r s ,  and 
~ o w a r d  R a i f f a ' s  h i r i n g  p o l i c i e s  w e r e  a l l  b b i l t  a round t h e  
d e l i b e r a t e  p l ann ing  o f  s e r e n d i p i t y .  H e  denounced u s  a l l ,  
and d e c i s i o n  t h e o r i s t s  i n  p a r t i c u l a r ,  f o r  want ing t o  t a k e  
- 
t h e  fun  o u t  of  l i f e .  Wa l t e r s ,  r e g a i n i n g  t h e  f l o o r  w i t h  
d i f f i c u l t y ,  s a i d  t h a t  he  saw t h r e e  broad s t r a t e g i e s  f o r  
d e a l i n g  w i t h  u n c e r t a i n t y  i n  a r e s i l i e n t  way: b e t t e r  p re -  
d i c t i o n  (which was l hope l e s s )  ; e n g i n e e r i n g  f o r  s u r p r i s e  
( C l a r k ' s  C l a s s  I1 I- i n s u r a n c e  games, e t c . ) ;  and t h e  d e l i -  
b e r a t e  i n v e n t i o n  of  s t r a t e g i e s  f o r  g r a c e f u l  r e t r e a t .  ' Swain 
no t ed  t h e  u s e f u l n e s s  of  s e c r e c y  and ambigui ty  i n  such  con- 
t e x t s ,  su rmis ing  t h a t  it accounted i n  no s m a l l  measure f o r  
t h e  s u c c e s s  of  Barvard  men i n  t h e  wor ld  o f  diplomacy.  
A s  a  l a s t  p o i n t  b e f o r e  t h e  d i s c u s s i o i l  g o t  e l l t i r e l y  o u t  of  
hand, W a l t e r s  s a i d  w e  needed t u  c o n s i d e r  what  he  c a l l e d  
" c e r t a i n t y - e q u i v a l e n t  p o l i c i e s , "  t h a t  i s ,  t h o s e  p o l i c i e s  
t h a t  would r e s u l t  i f  t h e  u n d e r l y i n g  models  w e r e  f a i t h f u l  
t o  ! l a t u r a l  p r o c e s s e s  and t h e  o b j e c t i v e  f u n c t i o n s  r e a l l y  
r e p r e s e n t e d  what s o c i e t y  wanted. W e  c o u l d  t h e n  charac -  
t e r i z e  a spec t rum o f  p o l i c i e s  a s  b e i n g  more o r  less l i k e l y  
t o  b e  c o r r e c - t  ones .  Majone s u g g e s t e d  t h e  ter in " c o n d i t i o n -  
a l l y  o p t i m a l  p o l i c i e s , "  a s  t h e  o t h e r  t e r m  had a  p r e c i s e  
meaning i n  d e c i s i o n  t h e o r y .  
R a i f f a  was becoming i m p a t i e n t  w i t h  e c o l o g i s t s  
r e i n v e n t i n g  t h e  wheel .  Every Harcard  B u s i n e s s  School  
g r a d u a t e  h a s  been t a u g h t  maxims l i k e  "when i n  d o u b t ,  d i -  
v e r s i f y "  f u r  decades .  There  i s  a  huge l i t e r a t u r e  on d i -  
v e r s i f i c a t i o n  and o p t i m a l  hedging known a s  p o r t f o l i o  
a n a l y s i s  which i s  m o t h e r ' s  mi lk  t o  e v e r y  bus inessman,  
though p a l p a b l y  n o t  t o  e v e r y  e n g i n e e r  o r  e c o l o g i s t .  H e  
though t  t h e r e  w e r e  genu ine  problems h e r e ,  b u t  t h a t  w e  had 
c o l l e c t i v e l y  g o t t e n  s i d e t r a c k e d  i n t o  b a n a l i t i e s  on t h e  way 
t o  s o l u t i o n s .  A s  f o r  h i m s e l f ,  he  had h a p p i l y  used  t h e  
c l a s s i c a l  r i s k  and u n c e r t a i n t y  d e f i n i t i o n s  p i o n e e r e d  by 
Knight up t o  and t h r o u g h  1955,  b u t  d u r i n g  1955-59 he 
had " g o t  r e l i g i o n "  and r e c o g n i z e d  t h a t  t h e  rea l  manager ia l  
. , 
problem l i es  i n  f a c i n g  n o n - r e p e t i t i v e  s i t u a t i o n s ,  where 
I 
sun  j e c t i v e  and n o t  o b j e c t i v e  p r o b a b i l i t y  w a s  t h e  key t o o l .  
The problem might now be reformulated as decisions in 
trees which the analyst knows - a priori to be incomplete. 
In short, the issues of hypotheticality, resilience and 
option foreclosure existed as real problems for him without 
resort to Clark's metaphysical Class IV surprises, for 
which only very elementary and well-known precautions 
could be taken. Formal analyses of uniqueness were 
clearly 11ot ~~ossible: the only course here was the de- 
velupi~lc~lt of wisdom through examples and experience. 
RAPPORTEUR'S NOTES FOR IIASA WORKSHOP ON HYPOTHE- 
TICALITY, RESILIENCE AND OPTION FORECLOSURE - W.C. C l a r k  
9 J u l y  1975 
A. INTRODUCTION* 
(1) Collul~on cjround o f  I I y p o t h e t i c a l i t y ,  Rcsilicrlcc and 
OpCiur~ P ' u r e c l o s u r e  as t h e  theme and f o c u s  f o r  t h e  
WS -- k1 o r i g i n a l l y  posed  a s  t h e  e n g i n e e r ' s  dilenuna 
o f  desiyr i i r ig  " t h a t  which c a n  n e v e r  b e  i n v e s t i g a t e d  
t h r o u g h  t r i a l  and error" -- R and OF f i r s t  c o n c e i v e d  
a s  d e s c r i p t i v e  t r e a t m e n t s  o f  t h e  way e c o s y s t e m s  and  
r e s o u r c e  developrrient programs ( r e s p e c t i v e l y )  behave-- I 
( 2 )  The shor t coming  o f  t r i a l  and  e r r o r  as a  corntunon con- 
cer r i ,  Gut n o t  t h e  fundamen ta l  one  o f  H, l?  and O F  -- 
t r i a l s  and  e r r o r s  viewed n o t  as g i v e n s  b u t  as d e s i g n  
v a r i a b l e s  (Waltcrs) -- s t r e n q t h s  and. weaknesses  I 
o f  t r i a l  and  er ror  p r e v i o u s l y  t r e a t e d  by Lindblom, I 
Simon, Wildavsky -- . 
( 3 )  The unknown: E x p l i c i t  r e c o g n i t i o n  o f  a class  o f  w h o l l y  I 
unknown or  s u r p r i s e  c o n t i n g e n c i e s ,  as d i s t i n c t  from t h e  
m e r e l y  u n c e r t a i n ;  ( c f .  W S  p a p e r  "Notes  on  C e r t a i n t y ,  
U n c e r t a i n t y  and  S u r p r i s e )  -- t h e  c e n t r a l  c h a l l e n g e  I 
r e c a s t  a s  "Ilow t o  p l a n  or d e s i g n  i n  t h e  f a c e  o f  s u r p r i s e ? " - -  I 
.- 
* 
The f o l l o w i n g  a b b r e v i a t i o n s  a r e  used  i n  t h e  n o t e s :  
\:IS = workshop 
[I = h y p o t h c t i c a l i t y  
R = r e s i l i e n c e  
OF = o p t i o n  f o r e c l o s u r e  
(4) Casual Mechanisros vs. Behavioral Measures: two separate 
thrusts of research on R and OF, both directed to pro- 
blems of dealing with"surpriseU -- early work concen- 
trates on measurirlg R, OF behavior of systems (cf. corning 
WS on Methodology of Resilience Estimation) and 
evaluati~~y relative degree of R or OF is alternative 
niodels -- these behavioral approaches fail to give 
guidance on design problems: How do I build a R or 
non-OF system? -- recent work on casual mechanisms 
(i.e. underlying structure, organization) of R and OF 
addressing this problem (cf. WS paper "Notes towards 
a structural view of resilience" and Walters corrm,ents 
below) -- 
( 5 )  Models of Resilient/Adaptive Design 
Contrasting views of designing for comparative certainty 
(fail-safe) in designing for flexibility at the"cost"of 
,' frequent error' (safe-failure) -- goals of maximizing 
distance to boundary (HYfele) as those of living on 
boundary (Walters); these to be explored through 
\ 
"cusp" paradigm of Beer/Casti -- relevant factors to 
be explored include degree of control and certainty, 
ability to monitor state space location re boundary, 
ability to learn frorri errors, etc. -- 
( I )  I l t b s j g ( l j  rly j.11 t h e  f ace  of unknowns was d iscussed  i n  
t h e  contex t  of f i g u r e  1, adapted from H3fe le1s  
WP-75-25 Objec t ive  Functions - - " s t r i v i n y  f o r  r e s i l i e n c e  
seen a s  p r e s e n t l y  cons is t i r lc~  of l i t t l e  more than f o l k  
t l i e r c fo re  s t r u c t u r a l ? )  approach -- . 
( 2  ) 'l'upul o y y  of F!i:?s i l i e n c e  d i scuss ion  cen te red  on t h e  
emergence of s t a t e - space  behaviora l  r eg ions  i n  eco loy ic  
and socio/economic systems ( f i g u r e  2 )  -- e s s e i ~ t i a l  
p roper ty  of such topologies  is  t h a t  smal l  changes i n  
ea r ly  s t a - t e  ( o r  " i n i t i a l " )  cond i t ions  can lead t o  
I.a.rcje d i f f e r e n c e s  a t  l a t e r  t imes -- where you wish  t o  
L e  11-1 the s t a t e - space  seen as propel-ly d v a l u e  judgcinent; 
th i s  iuc ludes  dec i s ion  t o  k e e p o p t i o i ~ s  open by relnainii~ij 
on boundary (S1) problems of measuring your locat ioi l  
reldtivc t o  boundaries i n  s t a t e - space  t o  be discussed  
i n  li~etliods workshop, but  r e q u i r e s  second v ~ l l i e  -J uclge):lci-i t 
regard ing  r e l a t i v e  s c a l i n g  of t h e  s t a t e  axes --. 
(1) Goals f o r  workshop and t h e  immediate f u t u r e  t o  inc lude  
n concise  common agreement on d e f i n i t i o n s  of Hypo the t i ca l i t y ,  
Opt ion Forec losure ,  Res i l ience  and Llnknowrl -- . 
( 2 )  - Latc : r  <loi-ils .- of own work t o  seek po l i cy  d.esigns which rerider 
h;i~,~~.,-L-k~~-.:t.scality irrelevant; i . e . ,  riirtke sj-stt:n.~s whicil dre 
s ~ f e  f o r  t r i a l  aild e r r o r  ( s a f e - f a i l u r e )  -- a l s o  t o  
1rJ 
a 
2 
L5 
-d 
Is, 

c::l).l c)rc ~ : e l c v ~ r ~ l c c  oF' v ,~J . - ious  ~,~c~l!locli>l o<:ir::; ( c a t n -  
s L i  c)plle i-Ili>01-17 , con t ro l .  s ~ s C C ; ~ ~ : ;  rrlctll:;. , :;t;il).i 1.i t y  
t h c o r y )  t u  t h i s  i s s u c  --. 
- 
( 3 ) Ije11~1~11!zrl: U O C U T ~ I C I ~  ts ( S i 3 ~  Z \ ~ ~ I I C : ~ :  1 )
-.-. ----.-------.- 
( 4 )  Moilc:] s ~11lt1 t:hc: Unl:rlown <lc?;llt i l l  over 'vick~ w i t h  rcnia~:l;s 
----- 
t o  IZC! L ) ~ C I S ~ I I I ~ ~ : C ~  a t  t h e  Pl:li!tll~)dzi WUI:I~:: ;~~OJ? -..- 
I 
( i l )  - 'S'I-IC ccrt : i~  -i l l  .- . worl.cl: llcrc you know t h e  s Lct t:c s p i l ~ ~  
c o n f i g u r a t i o n  and your  l o c a t i o n  i n  it -- 
S b4c c ~ k s h o +  ? ~ ~ m e  k r 
frcm t h e  boundary  
I ".'" 
~ t ~ ~ i d c i r d s  ---. 
( b )  Tllc ur lcc : r t ;~ ;  1 1  worltl: as cll~c)vc, h u t  wit -11  s tnc.h;tst ic 
-------- -- 
I' 
n o i s e  011 Y ~ L I L ^  ~i a t e  V ~ I ~ U C I :  01i1y -- 
? 
x 
Y 3 b ' 
You engineer t.he bic jqcs t  poos.i.hl.c: touritlai-ics i . i ~  
t l ~ c . :  1:ecr' and C a s t i  b~:o;tclcnc?d i:vsl~ pwopo:ial; ti!t the: 
bl-oa.dcr c u s p  f o r c e s  s dccpcl- 2ol.d i n  t h e  c ~ ~ t i : s t r o p h c  
~n i l r )  .i.lol d , s~~c! t h u s  ;! l > i q ! ~ c : ~ -  c:c>:; t I. <t:i.lu~:i> --- 
Y Ti you choose t o  resiclc as f a r  
s t a b i l i t y  b o u ~ l i i i l r i c s  luay shift u n ~ l c c o u ; l t a b l . ~ ,  d u e  
t o  a ~ 1 ~ 2 c - k ~  o f  t h c  rea l  s y s t c i ~ ~  whj.ch a r c  unltno.~vn, o r  
l c f t  o u t  o f  t h e  n!odcl --- I f  (s.nd o i l l y  i f ) ,  you 
Lou11 t3i11:y (whencvc:r it i s )  cdil f o r c e  tllc l~ou11(3ii1-y 
I 
"out." , or a t  l t ! a s t  W ~ I S I I  you  of i L:.; 10c;~L:ioii l:11(211 
V t h e  p r o p e r  r c s p o n s e . m a y  be t o  d e s i g n  y o u r  systcrln 
so a s  t o  g c t  s u c h  e x c u r s i o n s ;  t h i s  PI-esuncs, of 
c o u r s e ,  t h a t  c r o s s i n g  of b o u n d a r i e s  is n o t  an i r r c v c r -  ' 
s i b l e  ac t .  
, 
( d )  ' l ' h c - t o t a l l y  --- unknowrl w o r l d  - i s  o n e  i n  w h i c h 1 n s  t h e  
folk-wisdom wou17d have  i t ,  you mus t  bc " f a s t  on 
y o u r  feet" -- i. c. a d n p t a b l c  --. T h i s  p;:rall.el.s 
W a l t e r ' s  n o t i o n  of t r y i n g  t o  s t a y  on t h e  s t a b i l i t y  
bounda ry  -- . 
(5 )  A c a t a s t r o p h e  F o o t n o t e  (Swain)  w a s  addcd  r e l a t i n g  costs  
and probzb i1 i : t i e s  o f  f a i l u r e  t o  . t h e  topol-ogy c u s p  v i e w  
o f  s y s t e n ~ s  r e l e v a i ~ c e  of s y s t e m s  s t r u c t u r e  t o  i t s  
rcs.ili .cnr:e w a s  s t r e s s e d  -- (cf. Swaj.n r a p p o r t c u r  n o t e s . )  -- 
( I  ) 0 j ~ l : j  or )  I ~ ' o I . ( : ~ ~ L o : ; I I ~ c  as L11c i n s t i  L u t i o ~ ~ a l  jli~pl i 1:ation:: 
of r e s i l i e n c e  -- 
( 2 )  - ScyuellC i ; l l  ilal:u~:c of dccisjon:; - ---- - as I;ey -- focus on 
dec i s ion  corlscyuenccs of dcc:isio~ls, rn- thcr  t l l i tn t h e  
l . c~i~r .3  t.c) cvcntn , wllicll il~clticl~-r sul:],~:i.sct:;, wl)i c l r  iI12c? 
( 3 )  Unidircctiortal  n;lt.u.rc of sc~~uc!1-1ce i s  what lcails tu 
- 
sys temat ic  opt ion  fo rcc losura  -- r e t u rn  t o  Swain ' s 
f i g u re :  
'pw,~. 4 kll4rc. 3 
Imagi.ne P i ' s  t o  he " p o l i t i c a l  ~ c c c p t s b i l i t y "  (%l '?~~?tce)  
j.soc1inc.s ; easy t o  t r 1 . 1 : ~  d e c i  siolis and corrccti.vcs cilocii~ 
arr i soc l i r le  o r  t o  a h i g l i e r  o n e (  \ ) , but. vcry 
d i f f i c u l t  t o  go t o  a lower orle t l ~ a n  t l l a t  ilo:G j.nl~;:lsiti'd --,, 
oath s t ep  t o  a hiylier i soc l i i~c !  caf f ectS vely t .l:i~~~.i.r~atcc 
more of t h e  option space -- 
( 4 )  Mechanisms seen from a  d i f f e r e n t  perspect ive  through 
following diagran:  
Pol icy 
! Retrea t  1 Correct ion ! 
1 
i / ( sca led)  
k-L)  is  l o s s  on r e t r e a t i n g  with no co r r ec t i ve  act, 
( C )  is t h e  c o s t  of . t he  co r r ec t i ve  a c t ;  a11 values 
sca led  t o  g ive  zero a s  shown). 
I t  i s  not  implausable t h a t  t h i s  would y i e l d  a  
r e l a t i o n  arrlong c os t  of co r r ec t i ve  ac t i on ,  p r i o r  
p robab i l i ty  of c o r r ec t i ve  action, f a i l u r e ,  and decis ion  
t o  c o r r e c t  o r  r e t r e a t  a s  follows: 
I 
P* choose r e t r e a t  
( f a i l u r e )  
: choose c o r r ec t i ve  - -  . 
., 
With moderate P* ( f a i l u r e )  would always be wi l l i ng  
t o  take nioderately cos t l y  co r r ec t i ve ,  thus f u r t h e r  
closing o f f  opt ions  a s  per  above --. 
( I ) )  c11!j9 l~c?crirlg f u r  s u r p r i s e  v i a  rc.si l i c n t  sy:; ~ C I : I  
s t r u c t u r e ,  a12i.I 
(c) dc.:;:i cj~ling management sy:;tcln.; fo:c "graccf ul. 
~ - c l : ~ : - ( * i l L "  v . i i ~ '  . i ~ ~ : . ; ~ i i . ~ ~ i : j . o ~ j ~ ~ l .  f . I t ~ x i 1 ~ ~ i . l  j . t . 1 7  ; I I \ , ~  
(;J) l11>(>:.;i I t  l>ol. i tic::.;, u r ~ d ~ . ! i :  , I . : ; : : ~~ I !~~~-~ - .  i . i ) ~ i  i : l ~ ' l t  I-IIP 11;0{1cl 
1: 
is t ~ u e ;  
( b )  " e f f i c i e n t 1 !  p o l i c i e s  b e s t  fox so:-:?e ;?tlssui;~c;l dls'iri- 
but ion  of models, 01) j e ~ t i - ~ ~ c s ;  
(c) " r e s i l i e n t "  pol.ri.cics best f o r  Zeall.ng vrj.t!l par.-.ti;,lllr 
ulll~oowl-1 systenls; 
(d )  "grac:c?Pul.(??)" po l . ic ics  a s  ( c ) ,  bui.  p.rc~viclirlcj 
exp1icit.l .y f o r  cjraceful  i n s t i  t-uCic),r~c?.l~ rc? t rca t .  
E. DISCUSSlON ( u n a t t r i b u t e d  by a g r e e m e n t  and  i n  n o  p a r t i c u l a r  
o r d e r ) .  
(1) S u r p r i s e  i s  spolten o f  p e j o r a t i v e l y ;  marly p e o p l e  and  
i n s t i t u t i o n s  s e e k  o u t  s u r p r i s e .  
( 2  ) - D i s c o u n t  i r r ~ p l i c a t i o n s  o f  o p t  i o n  f ~ ~ r c ? c l o s u r c  and  cldciptive- 
n e s s  -- v a l u a b l e  c o n t r a d i c t i o n  would seem t o  e x i s t  
be tween  t h o s e  who s a y  w e  f o r e c l o s e  o p t i o n s  v i a  t o o  
h i g h  a  d i s c o u n t  r a t e ,  a n d  t h o s e  who s a y  o r g a n i z a t i o n s  
o r  b e a s t s  a d a p t i v e  t o  s u r p r i s e  e x h i b i t  h i g h  d i s c u u n t  
r a t e s . - -  What y u e s  or1 h e r e ? ?  
( 3 )  - B u s i n e s s  m a n a y e m e n t . l i t e r a t u r e  is  fu l . 1  o f  r e s i l i e n c e  
n o t i o n s ,  a l m o s t  t o  t h e  p o i n t  o f  g a s p e l ;  when u i l c s r t d i n ,  
d i v e r s i f y ;  when r i s k - a d v e r s e ,  d i v e r s i f y  -- Khat  is  
s u p p o s e s  t o  b e  new i n  t h i s ? ?  
( 4 )  U n c e r t a i n t y  and s u r p r i s e :  n o t  c l e a r  t o  S O I ' ; ~ ~  t h d t  thert!  
is  a  s i c j n i f i c a r l t  p r a c t i c a l  d i f f e r ? : - ~ c c  bi -> tween  Cl~c: t.i.30 -- 
deci s i o n  l i t e r a t u r e  c o p e s  cf f e c t i v c l y  with t h c  .iinlinown 
( s u r p r i s e )  by a s k i n g  how much a perso i l  would pay t o  
remove t h e  " u n c o m f o r t a b l e n e s s "  h e  f e e l s  when c a n f r o n t e d  
w i t h  a n  a d r ~ i i t t e d l y  (and i r ~ e v i t a b l y )  i ncon lp l e t e  deeisian 
t ree -- But t h i s  i s  t h e  d e c i s i o n '  approach t o  pricing 
s u r p r i s e ,  n o t  t h e  e n g i r l e e r i n g  app roach  t o  d e s i g n i n g  i t  --. 
( 5 )  Kesil ierice and Decisions - i n t e g r a t e d  v i a  t h e  Hafele 
approach t o  po l i cy  a n a l y s i s :  design r e s i l i e n t  po l i cy  
a l k e r n a t i v e s  from s t r u c t u r a l  o r  behaviora l  op t imiza t ion  
argun~ents  , and t h e ~ l  c'tloose anlong t h e s e  arid rnore conven- 
t i o n a l  a l t c r r i a t i v e s  v i a  f ra i l i t io r ia l  d e c i s i o n  theory  -- 
d i s t i n g u i s h  between t h e s e  two types  of problems f o r  
dea l ing  with t h e  unknown; one i s  f o r  r e s o l u t i o n  of 
s p e c i f i c  c a s e s ,  t h e  o t h e r  a s  a " c o n s t i t u t i o n a l "  
approach t o  the game.-- 
( 6 )  l r r c v e r s a b i l i t y  - How shoulti t h e  i r r e v e r s a b i l i t y  of a 
p o s s i b l e  ou t c~ rne  inr ' luence t h e  foregoing concerns? 
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The  n o t e s  w h i c h  f o l l o w  are d e r i v e d  f r o m  v a r i o u s  p u b l i s h e d  
w o r k s ,  c o r r e s p o n d e n c e ,  a n d  i n f o r n ! a l  c o n v e r s a t i o i l s  of Messrs. 
H s f e l e ,  F i e r i n y ,  W a l t e r s ,  a n d  H o l l i n g .  T h i s  suimlary i s  f o r  
t h e  p u r p o s e s  o f  t h e  IIASA w o r k s h o p  o n l y  and h a s  n o t  been 
r e v i e w e d  by a n y  o f  the  " c o r ~ t r i b u t o s s .  " 
A l l  t h e  curl t r i l u t o r s  a re  c o n c e r n e d  w i t h  a ~ ~ p r o a c h e s  f o r  
d e a l i n g  w i t h  t h e  unknbwn i n  s y s t e m s  a n a l y s i s  a n d  d e s i g n .  Each 
h a s  t a k e n  t h e  s t e p ,  more or  less  i n d e p e n d e n t l y ,  o f  " c l a s s i f y i n g "  
t h e  v a r i o u s  d e g r e e s  o f  "unknown-ness"  w h i c h  may c h a r a c t e r i z e  
g i v e n  a s p e c t s  of a p r o b l e m .  O i l t  o f  t h e s e  c l a s s i f i c a t i o n s  
e x e r c i s e s  h a s  e m e r g e d  a  c o n c e r n  t h a t  t h e r e  e x i s t  t y p e s  of 
"coml>l c t e l  y u r ~ k l - i o w n "  ~ ~ h c : r ~ c > n ~ c n ; ~ ,  1-1. l nt ion : ;h  i t.)s, ;ind e v c ~ n t s  
w h i c h  a r e  n o t  d e a l t  w i t h  e f f e c t i v e l y  by  p r e s e n t  a n a l y s i s  
t e c h n i q u e s  o r  d e s i g n  p h i l o s o p h i e s .  I t  i s  t a  t h i s  c l a s s  Jf 
" c o m p l e t e l y  unknowns" t h a t  much o f  t h e  h y p o t h e t i c a l i t y ,  resi l-  
i e n c e ,  a n d  o p t i o n  f o r e c l o s u r e  r e s e a r c h  has !XC~I ad ,d resse ,3 ,  a n d  
it i s  s p e c i f i c a l l y  t h i s  a s p e c t  of t h a t  r c s c a r c i l  w h i c h  t h e  
p r e s e n t  w o r k s h o p  i s  b e i n g  h e l d  t o  i r ~ v e s t i y a t e .  W e  a r e  inter- 
e s t e d  i n  e s t a b l i s h i n y  a  " taxonomy df t h e  unkaown" p r i m a r i l y  t:o 
c l a r i f y  t h e  s p e c i f i c  set  o f  c o n s i d e r a t i o n s  c n  w h i c h  t h e  work- 
s h o p  d i s c u s s i o n  w i l l  b e  f o c u s s e d .  
Although each of the contributors, as noted above, has 
formed his own version of an essentially common taxonomy of 
the unknown, they have used a variety of terminologies in 
identifying the component classes. Table 1 represents an 
attempt to inatcll these termil~ologies with one another, to 
reference their fullest available d.ocumentat:ion, and to pro- 
pose a set of conlmon terms for use at the present workshop. 
The proposed common terms ("synthesis" column in Table 1) 
with their definitions are as follows (qu~ted definitions are 
from Luce E Raiffa, 1957, Games and Decisions): 
Certainty: "...each action is known to lead invariably 
to a specific outcome ..." Certainty is one term we all under- 
stand because it is what we never have. It is included here 
for the sake of completeness, and because so many managers 
and program designers act as though they were in a certainty 
-
situation. 
R i s k :  " . . .each action is known to Lead to onc of a set- 
of possible specific outcomes, each outconie occurring with a 
known probability ..." Risk is something that maybe gamblers 
and decision theorists have, but it is generally as unlikely 
that we know.probabilities as that we know outcomes for 
certain. 
Uncertainty: Where an action "has as its consequence a 
set of possible specific outcomes, but where the probabilities 
of these outcomes are completely unknown or are not even 
meaningful." This is beginning to be a more realistic 
d e s c r i p t i o n  o f  t h e  s t a t e  o f  a f f a i r s  e n c o u n t e r e d  by real  
manage r s ,  a r l a l y s t s ,  and  d e s i g n e r s .  Bu t  n o t e  t h e  c r u c i a l  
i n c l u s i o n  o f  t h e  p h r a s e  " p o s s i b l e  s p e c i f i c  ( i . e . ,  s p e c i f i e d )  
ou tcomes ."  What i s  t o  b e  done  when you  c a n n o t ,  o r  c a n n o t  b e  
b o t h e r e d  t o ,  e x p l i c i t l y  s p e c i f y  t h e  outcontcs?  ' I 'his i s  t h e  
c r u x  q f  t h e  " s u r p r i s e "  c a t c y o r y  cqescribec?. n e x t ,  and  i g n o r e d  
by Luce,  R a i f f a ,  and  a l m o s t  e v e r y o n e  else .  
S u r p r i s e :  - I n  g e n e r a l ,  w e  c a n n o t  s p e c i f y  a l l  o f  t h e  
p o s s i b l e  ou tcomes  or e v e r i t s  which  may be r e l e v a n t  t o  a g i v e n  
problem.  S o c i a l  o b j e c t i v e s  change  i n  u n f o r e s e e a b l e  ways,  
u n p r e c e d e n t e d  c h a n g e s  o f  i n p u t s  o c c u r ,  and  so o n .  And i f  
w e  c a n n o t  i m a g i n e  s u c h  c o r ~ t i r i g e n c i e s  a h e a d  o f  t i m e ,  w e  c a n n o t  
t r e a t  them a s  c l a s s i c a l ' u n c e r t a i n t i e s  where  t h e  o n l y  problem 
i s  t o  a s s i g n  a  ( s u b j e c t i v e )  p r o b a b i l i t y  t o  a known p o s s i b i l i t y .  
F o l l o w i n g  F i e r i n g ,  w e  w i l l  c a l l  t h e s e  s i t u a t i o n s  you c a n n o t  
a n t i c i p a t e  as s i t u a t i o n s  o f  " s u r p r i s e . "  Note t h a t  s u r p r i s e  
i s  n o t  a n  a b s o l u t e  c a t e g o r y  ally more t h a n  t h e  " e r r o r "  o r  
r e s i d u a l  t e r m  i n  a n  a n a l y s i s  o f  v a r i a n c e .  Both terms a re  
o p e r a t i o n a l  i n  c h a r a c t e r ,  c o n s i s t i n y  o f  t h o s e  t h i n g s  wh ich  
you c a n n o t ,  or  c a n n o t  b e  b o t h e r e d  t o ,  a c c o u n t  f o r  i n  t h e  
e x p l i c i t  a n a l y s i s .  
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